The Footscan platform is a useful tool for plantar pressure measurement. However, there is still controversy over whether or not the platform should be covered by top-layer during the test. This study was designed to compare the reliability of the Footscan platform and identify the differences of the foot loading parameters between without top-layer (WOT) and with top-layer (WT) protocols. Measurements were taken from thirty-two healthy subjects. Participants were tested with a Footscan platform using the WOT and WT protocols. Three trials were performed during two separate testing sessions with a 7-day interval. Peak pressure, contact time, contact area, and pressure-time integral at ten foot zones were recorded and calculated for intra-and intersession reliability using intraclass correlation coefficients (ICCs) and coefficients of variation (CVs). The reliability and values of the analyzed parameters for the two protocols were compared. Both protocols produced a moderate to good level of intra-and intersession reliability. Compared with the WT protocol, the WOT protocol showed higher ICCs, lower CVs, and higher values in most of the parameters analyzed. The results suggest that the WOT protocol showed better reliability than the WT protocol. We recommend not using the top-layer when performing the plantar pressure test.
Introduction
With the development of microcomputer technology, plantar pressure measurement systems are being used more frequently in research and clinical practice. The systems can be used to distinguish between normal and pathological gait [1] , design foot orthoses [2] , predict risk factors for lower extremity injuries [3] , assess progress of disorders [4] , evaluate the effect of treatment [5] , and so forth. For these measurements to have clinical application, it is necessary to ensure that the systems can achieve a high level of reliability, accuracy, and consistency for plantar pressure measurement on different occasions [6] .
At present, the commercially available pressure measuring systems include in-shoe measurement systems (Novel Pedar5, TekScan F-Scan5, RSscan Insole5, WalkinSense5, and IBV Biofoot5) and platform systems (Novel Emed5, TekScan MatScan5, and RSscan Footscan) [7] . Most of them have been validated as reliable tools for quantifying dynamic plantar pressure [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Footscan platform is one of the most commonly used pressure measuring systems. However, there is still controversy over whether or not the Footscan platform should be covered by top-layer during the test.
After a comprehensive search, we found that 36 investigations using the Footscan platform systems have been published in the PubMed database by the end of March, 2017. 25% (9 of 36) of these studies covered the platform with a thin top-layer made from ethylene-vinyl acetate copolymer (EVA) or other materials. These researchers believed the disguised platform can prevent the subjects from adjusting their normal walking patterns induced by the visual targeting of the pressure plate [17, 18] . However, 75% (27 of 36) of these studies did not use any top-layer. Some researchers have reported that visual targeting during walking did not affect the magnitude or variability of the ground reaction force when the study design was tailored to the subjects' gait variables [19] [20] [21] . In addition, a factor that may increase the number of rejected trials in plantar pressure test is the prerequisite that the subject's foot must land completely within the bounds of the pressure plate during stance. A pressure plate without toplayer can help the subject's foot be entirely on a pressure plate during test and reduce the potential trials' number, which means being less time-consuming and less strenuous and is important for the pathological populations [19, 20] . Our research team have assessed the reliability of the Footscan platform system and identified the range of loading parameters observed in the normal foot without using any top-layer [16] . However, from a literature survey, it appears that none of the previous investigators is concerned with the effects of top-layer on reliability of the Footscan platform system during barefoot walking. This lack of information becomes a barrier for using the top-layer in the measurement of plantar pressure. To use the top-layer or not, that is a question. Therefore, the primary aim of this study was to compare the reliability of the Footscan platform system between the WT and WOT protocols. The second objective was to detail differences of the foot loading parameters between the two protocols.
Materials and Methods

Subjects.
Thirty-two healthy volunteers ( = 32) were recruited for assessment from the local area. Participants included in the present study were healthy and capable of ambulating independently and aged between 18 and 40 years. Participants were excluded if they suffered from foot pain and/or injuries within the previous 6 months, had any previous surgeries to the foot and ankle, limb length discrepancies, or foot deformities, or had any clinical problems that could potentially affect their gait. Gender, age (years), body mass (kg), height (cm), and body mass index (BMI) (kg/m 2 ) were recorded for each subject at baseline. The study was approved by the Ethical Committee of the Fourth Military Medical University. All experiments were performed in accordance with relevant guidelines and regulations. Written informed consent was obtained from each subject prior to testing.
Experimental Apparatus and Set-Up.
Dynamic plantar pressure parameters were recorded using a Footscan pressure plate (RSscan International, Olen, Belgium, 2096 mm × 472 mm × 18 mm, with 16384 resistive sensors arranged in a 256 × 64 matrix at a resolution of 2 sensors/cm 2 , data acquisition frequency: 125 Hz, pressure range: 0-200 N/cm 2 ), which was connected to a computer using the supplied cable. The platform was located at the center of a carpet with the same external dimension to provide a "complete platform" 4 m in length [22] . According to the manufacturer's manual, the Footscan system was calibrated before each measurement session. During calibration, the subject's weight was entered into the computer and then the subject was asked to walk across the plate at preferred speed while barefoot. After that, the analysis software will determine a recalibration factor which is used to calibrate future measurements.
Procedure.
Testing sessions were conducted on two occasions 7 days apart. In each session, participants were tested with two protocols. For the WT protocol, the platform was covered with a top-layer made from EVA material (hardness: Shore A 70). For the WOT protocol, the platform was covered with nothing ( Figure 1 ). The sequence of protocols was randomly distributed over the patients. In each protocol, three representative and reliable trials were recorded for each participant [6, 12] . A representative trial should meet the following criteria: (1) at least two complete footprints, (2) a heel-strike pattern, and (3) no obvious adjustment in gait pattern to contact the plate [23] . A trial was repeated if the researchers observed an atypical foot placement on the platform. All the subjects received clear instructions about the testing protocols. Meanwhile, they were asked to wear casual loose fitting clothing that did not impede lower limb motion.
Before data collection, all the participants initially completed 10-minute acclimatization walking trails along the measuring platform. Based on individual stride and step length obtained during acclimatization trials, each participant determined a suitable starting position to ensure that 3 steps were taken prior to platform contact [21] . This approach ensured that data were collected during mid-gait which can minimize the effect of acceleration and deceleration at the start and end of each walk [24] . Then, the subjects were asked to perform pedobarographic tests barefoot at their comfortable walking pace. One step with each foot was recorded per walking trial, and three steps with each foot were recorded per session. To prevent fatigue, each participant was asked to take a rest of 3 minutes between each trial [22] . Trial order was randomized between participants.
Data Processing.
The data were analyzed using Scientific Footscan Software (RSscan International). The software automatically divided the foot into 10 masked zones: hallux (T1), toes 2-5 (T2-5), first to fifth metatarsals (M1, M2, M3, M4, and M5), midfoot (MF), medial heel (MH), and lateral heel (LH) (Figure 2) . Four of the clinically most relevant parameters were selected for evaluation: peak pressure (PP, kPa), contact time (CT, stance time%), contact area (CA, cm 2 ), and pressure-time integral (PTI, kPa s). In total, 40 parameters were assessed: 4 foot loading variables, under 10 masked zones.
Statistical Analysis.
Statistical analyses were performed using SPSS software (SPSS 19.0; SPSS Inc, Chicago, IL). The mean and standard deviation (SD) were calculated for each parameter and the data were examined for normality to check that they met the parametric assumptions.
To maintain independence of data only the left foot of each participant was chosen to be assessed [7, [25] [26] [27] . Intrasession reliability was evaluated using the intraclass correlation coefficients (ICCs) and coefficients of variation (CVs) across the three repeated trials within the same session. Intersession reliability was assessed using the average of the three trials in each session to calculate the ICCs and CVs. We considered ICC < 0.50 as poor, 0.50-0.75 as moderate, and >0.75 as good [7] . The type of ICC used for this analysis was a one-way random ICC, since the differences in results between testing sessions were random [28] .
Then, to assess for systematic differences between sessions, for both protocols, paired -tests were used to compare mean values of the foot loading parameters of interest for each masked zone. The maximum probability level to denote statistical significance was 0.05.
In addition, to detail the differences between the two protocols, paired -tests were used to compare mean values (all six repeated trails on two sessions) of the foot loading parameters of interest for each masked zone. Furthermore, the differences between the WT and WOT protocols were verified by the (i) absolute (WOT − WT) and (ii) percentage [(WOT − WT) × 100/WOT] difference analyses [12] . Negative values indicate that the values in WT protocol were higher than those in the WOT protocol, while positive values indicate that the WOT protocol showed values higher than the WT protocol. 
Results
Participants
Intrasession Reliability.
For the WOT protocol, the average ICCs and CVs values for all regions of the foot were 0.806 and 17.1%, respectively, for PP, 0.784 and 7.8% for CT, 0.890 and 6.7% for CA, and 0.760 and 17.7% for PTI. The regional intrasession ICCs for the PP were moderate in one (MF) and good in nine out of the ten masked zones. For the CT, the intrasession ICCs were moderate in two zones (T1 and T2-5) and good in the remaining eight zones. For the CA, all the regional intrasession ICCs were good. For the PTI, the intrasession ICCs were moderate in four zones (T1, T2-5, M1, and MF) and good in the remaining six zones (Table 1) .
For the WT protocol, the average ICCs and CVs values for all regions of the foot were 0.684 and 20.7%, respectively, for PP, 0.734 and 9.0% for CT, 0.775 and 9.7% for CA, and 0.724 and 22.3% for PTI. The regional intrasession ICCs for the PP were good in one (T1) and moderate in nine out of the ten masked zones. For the CT, the intrasession ICCs were good in four zones (M1, M5, MH, and LH) and moderate in the remaining six zones. For the CA, the intrasession ICCs were good in five zones (T1, M1, MF, MH, and LH) and moderate in the remaining five zones. For the PTI, the intrasession ICCs were good in four zones (M3, M5, MH, and LH) and moderate in the remaining six zones (Table 1) . For the WT protocol, the average ICCs and CVs values for all regions of the foot were 0.837 and 11.4%, respectively, for PP, 0.815 and 5.9% for CT, 0.828 and 5.3% for CA, and 0.807 and 16.6% for PTI. All the regional intersession ICCs for the PP and PTI were good. Meanwhile, the intersession ICCs for the CT were moderate in two (T2-5 and M3) and good in the remaining eight masked zones. For the CA, the intersession ICCs were moderate in two zones (M4 and M5) and good in the remaining eight zones (Table 2) .
Systematic Differences in the Mean
Values between Sessions. For both protocols, there were no systematic differences in mean values of the PP, CT, CA, and PTI between sessions (Tables 3 and 4) .
Differences in the Values between the WOT and WT
Protocols. The WOT protocol showed higher PP in all ten masked zones compared with the WT protocol, and the difference reached statistical significance in the T1, M2, M3, M4, MF, MH, and LH zones. The absolute differences of PP ranged from 2.4 (M5) to 36.0 kPa (M2). The percentage differences of PP ranged from 2.1% (M5) to 14.2% (T1) and the average percentage difference of PP between the two protocols was 9.4% (Table 5) .
The WOT protocol showed higher CT in all ten masked zones compared with the WT protocol, and the difference reached statistical significance in the T1, T2-5, and M1 zones. The absolute differences of CT ranged from 0.2 (M5 and MH) to 6.5% (T2-5). The percentage differences of CT ranged from 0.3% (M5 and MH) to 15.6% (T2-5) and the average percentage difference of CT between the two protocols was 3.2% (Table 6) .
Significantly higher CA in the T2-5, M1, M2, M3, and M4 zones were noted in the WOT protocol compared with corresponding values in the WT protocol. The absolute differences of CA ranged from −0.8 (MH) to 2.8 cm 2 (T2-5). The percentage differences of CA ranged from −3.7% (MH) to 17.5% (T2-5) and the average percentage difference of CA between the two protocols was 4.8% (Table 7) .
The WOT protocol showed higher PTI in all ten masked zones compared with the WT protocol, and the difference reached statistical significance in the T1, T2-5, M4, MH, and LH zones. The absolute differences of PTI ranged from 2.9 (T2-5) to 10.5 kPa s (M4). The percentage differences of CA ranged from 3.6% (M3) to 34.1% (T2-5) and the average percentage difference of CA between the two protocols was 13.9% (Table 8 ).
Discussion
Plantar pressure measurement is a useful evaluation tool for the patients with walking problems in research and clinical setting. As more and more clinical decisions and treatment strategies are made based on the data collected by the plantar pressure systems, the reliability and repeatability of the systems must be ascertained. Some researchers have reported that, for the same measuring system, different experimental protocols may affect its reliability and measurement values [6, 29] . The aim of this study was to compare the reliability of the Footscan platform system and detail the differences of the foot loading parameters of interest between the WOT and WT protocols. The results showed a generally moderate to good level of intra-and intersession reliability in both protocols, and the WOT protocol produced better reliability and higher values in most of the parameters of interest.
Regarding the intrasession reliability, the WOT protocol produced higher ICCs in 97.5% (39/40) and lower CVs in 82.5% (33/40) parameters of interest, comparing with the WT protocol. These results indicated that the WOT protocol produced better intrasession reliability than the WT protocol. According to the product manual, the Footscan platform system collects foot loading information using resistive pressure sensors. Therefore, for the cushioning effect of the EVA top-layer, we can speculate that the platform without toplayer will record higher plantar pressure parameters than the platform with top-layer under the same load. The results of this study confirmed our speculation. The WOT protocol showed higher values in 87.5% (35/40) parameters studied, comparing with the WT protocol, and the difference reached statistical significance in 50% (20/40) parameters. Some researchers [7, 9, 14, 30] have reported that areas with high loading characteristics showed a higher level of reliability than less loaded areas, which is in accordance with our findings. In the present study, we found that areas with higher PP, such as the M2, M3, MH, and LH zones, showed higher mean values of ICCs across variables of interest than the less loaded regions, such as the T2-5 and MF zones. The findings are clinically important because high foot loadings 7 are good risk indicators for foot injuries [31, 32] . Therefore, a higher reliability in these regions is highly desirable for clinical applications [14] .
In terms of intersession reliability, the WOT protocol produced higher ICCs in 62.5% (25/40) and lower CVs in 75% (30/40) parameters of interest, comparing with the WT protocol. These results showed that the WOT protocol had better intersession reliability than the WT protocol. It is worth noting that, for both protocols, the intersession ICCs are higher and CVs are lower than the corresponding intrasession ICCs and CVs in most of the parameters analyzed. According to Vallejo et al. [24] , these differences may be because of minor unavoidable and expected physiological changes that occur during the walking process which can affect foot loading parameters. In light of that, a single trial is not enough, as physiological fluctuations between trials are not avoidable [24] . To achieve a high level of reliability, it is necessary to average over multiple trials.
Assessment for systematic differences between sessions indicated that, for both protocols, all the parameters of interest did not show any significant differences in mean values, which is consistent with the previous study [7] . The results suggest that a qualified platform such as Footscan system can achieve a satisfactory level of accuracy and reliability for plantar pressure measurement on different occasions.
The WOT and WT protocols showed similar pressure distribution and foot loading patterns. For both protocols, the higher PP values were recorded under the M2, M3, and MH regions, and the lower ones were found under the T2-5 and MF zones (Figure 3 ). These findings are in agreement with previous reports [8, 9, 11, 13, 26] . In addition, for both protocols, CT was longest in the metatarsal regions, and the metatarsal heads bore weight for 68.5% to 82.8% of the stance time in the WOT protocol and for 66.3% to 82.4% in the WT protocol, both of which are comparable with previous studies [8, 9, 11, 13] . In terms of CA, for both protocols, the MF, MH, and LH zones were the top 3 regions showing largest CA and the metatarsal regions had the smaller CA. Meanwhile, for both protocols, the PTI values were higher under the M2, M3, M4, and MH zones, and lower under the T2-5 and MF zones, which are also consistent with previous studies [8, 9, 11, 13] . The average percentage differences of PP, CT, CA, and PTI between the two protocols were 9.4%, 3.2%, 4.8%, and 13.9%, respectively. The results indicated that the toplayer had a greater impact on the values of the PTI and PP than that of the CA and CT. The differences between the two protocols suggest that the use of top-layer should be taken into consideration when comparing the data from studies with different testing protocols, especially for the data of PP and PTI. There are some limitations of this study that need to be recognized. First, the subjects in this study did not have any problems with balance or gait, so our findings cannot necessarily be extrapolated to other clinical populations. Future researches should focus on the reliability of plantar pressure measurement in patients with gait problems. Second, different brands of systems may have different sensor technologies and performance characteristics, so the results of this study can only be considered when using the Footscan platform system. Finally, only one kind of top-layer was employed in this study, which may reduce the generalizability and the comparability of our findings.
Conclusions
In conclusion, the results of our study indicated that the WOT protocol had better reliability and higher values of foot loading parameters of interest than the WT protocol. We recommend not using the EVA top-layer when performing the plantar pressure test with the Footscan platform system. More research is required to determine the influences of other kinds of top-layers on the reliability and values of the foot loading parameters in patients with gait problems.
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